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SUMMAII 



A chart is presented for the values of the coeffi- 
cient in the formula for the critical compressive stress 
at which buckling may he expected to occur in flat ric- 
tangular plates supported along all edges and, in addi- 
tion, elastically restrained against rotaticn along the 
unloaded edges. ■/ 

The mathematical derivations of the formulas re- 
c[uired in the construction of the chart are given. 

IlITEODUOTIOH 



In the design of stressed-skin structures for aif- 
craft as well as in the design of compression memhers, 
it is desirable to know the compressive stress at which 
"buckling occurs. In practice the structure is usually 
so imperfect or so eccentrically loaded that latetal de- 
flection starts with the beginning of loading. Ihea 
lateral deflection starts with the heginriihg of loSlfng, 
however, there is usually a very pronounced increase in 
deflection at the critical compressive stress fox which 
buckling would have occurred had the structure beea lier- 
fectly shaped and centrally loaded. The evaluation of 
this critical compressive stress for a flat plate, with 
cert^liri dbriditictts of edge sTijpport, is discussed in this 

When aflat plate is loaded in compreSsioh, the two 
loaded edges are either simply supported or restrained in 
some manner i If the two unloaded edges are not supported, 
thfe plate is ■ considered a column.' V/hen one, or both, of 
the unloaded edges is also supported or restrained in 
some manner, the critical compressive stress is greatly 
increased over that for the plate as a column. That the 
compressive stress is increased when one , or both, of the 
edges is supported or restrained has been recognized for 
years. Because of the importance of the edge conditions, 
formulas based on the assumption that eapii edge of the 



2 



plate is free, simply supported, or fixed, have "been em- 
ployed in design. (See the svymmary of these formulas 
given in reference 1.) 

A study of the theory and the more reliable test 
data on the "buckling of plate elements in stressed-skin 
structures and compression raem"bers revealed the necessity 
for a more careful consideration of the edge condition of 
plates than has heen previously attempted. Accordingly 
studies were made of the critical compressive stress for 
I-, cha,nnel , and rectangular- tube sections in which 

proper consideration was given to the interaction between 
the individual parts of the cross section. (See refer- 
ences 2, 3, and 4.) In order to make the results of the 
work more generally applicable, studies were also made of 
the basic plate elements that comprise these sections. 
All the basic design charts resulting from this investi- 
gation were made available in 1938. The combination of 
the present paper with references 2, 3, 4, and 5 is a 
more complete presentation of all this material. 

The basic element treated in this paper is a plate 
supported along the four edges, elastically restrained 
against rotation along the unloaded edges but with no 
restraint against rotation along the loaded edges. fhe 
loaded edges are therefore considered to be si«ply sup- 
ported abcording to the usual terminology. fhts basic 
element is representative of the webs of I- , Z-, and 
channel-section columns, of the w=alls of a rectangular 
tubsi and of the flat skin between .the stiffeners of a 
stres'sed-S'kln structure. The basic element representa- 
tive Of ah to-'uctstandiag flange with elastic restuaiat 
against rotation along one unloaded edge is treated in 
ref e're'hc'e' 5"',' -" ■ 

The mathematical derivations required for ^l),© inves- 
tigation of the present paper are given in appendixes A 
and B. The tfesults of practical .use are given in the body 
of the pa-pe*', 

Bernard Hubenstein, formerly of the, NACA staff, per- 
formed all the matljeaji'feieaX der-ivatlons required for. ap- 
pendix B, the preseata^i|#i^;fOf which was adapted is o the 
purposes of this papejff . •. 

SVALUAiiOr b? q^^ 

Vithin the elastip ran^f .- Within the elastic range 



in which the effective modulus of elasticity is Young's 
modulus, the critical compressive stress f^y for a 
thin, flat rectangular plate is expressed as (reference 
6, p. 331, eq:Uat4«» (314)): 



cr 



12{l-.t*®)l>2 



(1) 



where k nondimensional coefficient that depends upon 
conditions of edge restraint and Shape of 

plate 

E Young's oodulus 

t thickness, of plate . . 

'■• Poisson's ratio 

b width of plate 

Beyond the ^laptic ranae .- When the plate is stressed 
in compression heyond the elastic range, the effective 
modulus of elasticity for the plate is less than louag's 
modulus. If a siiigiLe, over-all effective plate modultis 

is substituted for Young's modulus B, the critical 
stress, when the material of the plate is loaded beyond 
its elastic range, can be obtained from equation (l) . 
The nondimensional coefficient ti has a value that lies 
between zero and t^nity and is determined by the stress. 
For stresses within the elastic range, t) s 1. for a 
more complete discussion and definition of tj, see Refer- 
ence 2., 

If TjE. is .substituted for E in efuation (l), the 
resulting eq.uation cannot be directly solved- for f^y- If 

the ecj.uation is divided by t^, however, , fcx/T) is Siven 
directly' by Hhe gsometrlcai dimensions of- tlie. piate, 
Toiing 's' modulus E, and Poisson »s . ]r.a,tl.o fhus 



fer krr^Bt® 



12(1-^2)1,2 



(2) 



for a given miPfeterial, the relationship between 
and fcr/'H tends ,to be fixed by the compressive stress- 
strain curve. This relationship is discussed in refer- 
ence 2, where it is shown how probable relationships be- 
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tween fcr ^er/*^ ohtaiaed fj?oa the colwan curve 

for the material "because column curves are more readily ' 
available than coiapressive stress-strain curves. The 
question is, therefore* what column formula should he used? 
Equations (8) and (9) of reference 7 define column curves 
that apply when the material just satisfies the minimum 
requirements of Kavy Dejj^rtiBettt Specification 46A9a for 
24S-T aluminum alloy. The fielationshipB hetweea f^p and 

and ^cr/^ this case are given in references 2, 3, 

and 4 and in figure 1 of this paper. 

The 24S-T material delivered under specification 
46A9a almost always has properties that are hetter than 
the minimum required properties. The relationships be- 
tween for and fcr/^ for the" averages 24S-T material 

delivered are given in figure 2. This figure has been 
prepared in the manner described in reference 2, the col- 
umn curves for average 24S-T material as given in refer- 
ence 8 being used. 

Figures similar .to 1 and 2 of this paper may be pre- 
pared for any material. The engineer tising this paper 
must therefor erldecide whether the computation should be 
based on minimum required material properties or average 
material properties* 

Segardle s s- of whether figure 1 or 2 is used, it is 

T 3^/ T 

recommended that the rj = — ciarve be used for all 

A. 

values of restraint against rotation until future experi- 
mental data indicate that a different curve should be 
used. ■ In f igijres 1 and 2 the different equations involving 
T merely -identify different curWfi^vf the 
relationships indicated. The value of t Is' 1/1, the 
ratio of the effective coluj^n mod^as for bending failure 
at the stress f^^ to Young's molulua. 



SVALUATIQK OF k 

• The value of ^cr/n at which buckling occurs is giv- 
en by equation (2) ,^ ,in which afll of the q.»aatities are 
known except the value of the coeTfficient Ife, 
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Equal restraints on the side edges of the plate . - 
The Talues of k for the case Of equal restraint on each 
side edge of the plate can he obtained from figure 3; 
this is a special c^s© of thf general solution in ap- 
pendix A for any restraint oh either side edge of the 
plate. In the chart of figure 3 k is plotted against 
the ratio of half wave length to the plate width A/h 
for different values of a parameter €, termed the 
"restraint" coefficient. (Trayer and March in reference 
9 refer to c as the "fixity" coefficient. In the 
present paper, restraint coefficient was chosen to avoid 
confusion with the fixity coefficient c for columns.) 

The restraint coefficient .€ depends upon the rel- 
ative stiffness of the plate and the restraining element 
along the side edge of the plate. The simplest concep- 
tion of € is obtained when the restraining element » or 
stiffener, is assumed to he replaced by an elastic medium 
in which rotation at one point does not influence rota- 
tion at another point, ffor this type, of restraining me- 
diTim along the edge of the. plate. 

Within the elastic range € = — (3) 

4S b 

Beyond the elastic range c = — 2— (4) 

TiD ■ 

where stiffness per unit length of elastic restrain- 

ing medi\xm or moment required to rotate a 
unit length of elastic medium through one- 
fourth radian 



flexstral rigidity of plate, per unit len!g*h 
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Ti coefficient to allow for a decrease ; In D 

due to the application of stresses beyond 
the elastic range 

Inasmuch'as. ti is a function of stress, its value 
for 243-T material , can be obtained from, figure 4 or 5, 
depending upoh whether minimum required properties or 
average properties are being used. The values of Tj, 
'^st '^Bt also given in figures 4 and 5 occur in appendix 
A. 
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If is zero, € is also zero and the condition 

of zero restraint, or simple sii,|)port, is ©"btainedt. If 
Sq is Infinite, € is al&b lifiaite and the eomditida 

of infinite restraint or of a fixed edge is oljtaiaed. 

Therefore a variation of € froffl zero to infinity itfill 
cover all possiTile conditions of restraint at the side 
edge of the plate. 

figure 3 shows that for eac'h value of € t^iere is 
a value of X/b for which k is a minimum. Strictly, 
a whole numljer m of half wave lengths ^ must exist 
in the length of the pls^te a. Hence, 



D mh 

Thus, to read a value of Ic from figure 3, it is neces- 
sary to substitute m = 1, 2, 3, etc. in equation (5) un- 
til a value for ^./h is obtained that gives the smallest 
value of k in figure 3. This smallest value of k is 
the one to he used in eqtiations (l) or (2). This general 
procedure will always give the correct value of k for 
use in equation (l) or (2) regardless of whether or not 
So, and hence €, is a function of the half wave length X. 

Tor the special. case in which Sq , and hence 
is independent of the half wave length X, the general 
procedure described for obtaining a value for k. can be 
used to construct a netir chart, with the abscissa X/h 
replaced by a/b. This nev/ chart is given in figure 6. 

v'hen Sq, and hence €, varies with X or X/b, 
figure 6 should not be used, but the general procedure as 
applied to figure 3 should be used to obtain the correct 
value of k for equations (l) and (2).. 

Unequal restraints on the side edges of the plate . - 
The charts of figure 3 and 6 were drawn on the assumption 
that equal restraints exist along .each side edge of the 
plate. If unequal restraints exist aloAg each side edge, 
the method for equal restraints is applied, and one side 
restraint is used first and then the other. The average 
of the two values of k thus obtained is a reasonably 
good approximation of the true value of k. This average 
may be either the arit hmetic mean, (k^ + kgl/S, or the 
geometric mean, The value of k as given by each 

of these sLverages is compared with the true value of k . 
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iii ta.'ble X fox a nuiDl>er of special cases. Jor all of the 
dases except the last three in table I, the values of 
and kg were read at the iralue of ^/■b that gave the 
Siliximum k. In the last thiree cases, the values of kx 
^sit- ks were read at the same value of 

Inspection of table I shows that, when the values of 
kj^ and ka are read near the minimum points of the 
curves fpr €^ and Cg* respectively, the arithmetic 
mean, generally gives smaller errors, than the geometric 
mean, although either one could De used without serious 
error in practical problems. On the other hand, if the 
values of kx and k^ are read at the same value of 
X/h, the arithmetic mean gives definitely larger errors. 
It is .therefore recommended that the geometric mean he 
used when the value of ^/h, is fixed. Either method may 
be used when the values of kj, and ks are read near 
the minimum points. 

When the critical compi^essive stress for uneq^ual 
restraints is found by the method of the geometric mean, 
the error in k> and, henoe the error in the critical 
stress for problems in the elastic range, is less than 3 
percent. Beyond the elastic range, it is more conservative 
to average the '^vo critical eompressive stresses than to 
average, the oerrespottding values of k and then to Com- 
pute thV critical compressive stress. 



BVAIiUAIIOH OP So AND € 

Before it is possible to determine k from figure 3 
or 6, it is necessary first to evaluate the restraint co- 
efficient €. Rie value of to be substituted in 
:e<iuation (3) or (4) will depend upon the characteristics 
of the structural member, or members , ;that provide the 
restraint. In this paper it is assumed .that the reistraint 
is provided by a specially defined elastic .restraining 
medium. As a result of this assumption, it has been pos- 
sible to derive the general chart of figure 3, which is 
independent of the structure that provides the restraint. 

The basic property of the elastic restraining medium 
is that rotation at one point of the medium does not af- 
fect rotation at another potlnt of tKe medium. In many 
practical problems the elastic restraint is provided by a 
stiff ener^ a plate* or some other structure for which ro- 
tation at one pplat affects rotation at another point. 
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Oonseq.uently, the evaluation of Sq in any giyen prolalem 
must take into ac5 count the effect of this interaction 
within the elastic restraining structure. 

a?he fofmula for Sq to be us^ed lin any given problem 
will depend upon the -type of structural member that pro- 
vides the restraint... Because this entire subject of the 
restraint supplied to 'the side edge of . a plate has be^a 
rather super:^'icially treated in the literature, it is "be- 
ing made the subject of several papers by the HACA, the 
fiyst of which, is reference 10. 

Langley Memorie-l;, Ae3?6naut ical Laboratory, 

National Adyis pry Gommittee for Aeronautics, 
Langley Field, Va. 



APPBJJBIX A 
, SOLUTION BY DIFIEESITIAL B^4UA5CIOI 

The procedure , for obtaining the -critical stress of a 
plate uniformly .compressed along two opposite, siaply 
supported edges is given in reference 6 (p. BS7) . la this 
method, which .was also used by Dunn • in reference 11, the 
critical stres.s. is found by solving the differential equa- 
tion expressing the equilibrium of the buckled plate. The 
same method is applied in the present paper to the case in 
which unequal elastic restraints against rotation are 
present along the unloaded side edges of the plate. lor 
generality, the elastic restraint is assumed to arise from 
an el,i^st,ic medium distributed along the .ftalpaded edgesj 
' t^ttts:' ':me,dlusr ;h»s.;^'the ■■b;a:a\ic ■pro'perty -- t:J^at:";#i%#it^ ^»ij:-*oite' 
po int wx thin, 1^ does not Inf lu©ap;«; ihet •■liotat.t ian a l/ stay 
other P;0int., ,. • ' 

, vJigure 7 shows the coordinate system and the plate 
ditte^sions, The differential equation for equilibrium of 
a plate element is 

f t ^ - - D Tt ^ + 2T + T (A-1) 



Where f uniformly distributed compressive stress 
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t thickness of plate 

w def lectton; 3»orittAl to pS^ate 

■X.. loibgtti!i.d#ititi:^.tfQfi*?t^^^ la Mtiiiiw^' bf * applied 
stress ^ 

D flexural rigidity of plate, per unit length 

y transverse coordinate across width of plate 

Tj^, Tg , and T3 coefficients equal to or less 
than unity 

In equation (A-l) the term ftO'^w/dx®) is concerned 
-with the external forces on the plate that cause TDucklingi 

whereas the term -.D (j^ ~+ 2Tb q^s^^s ) 

concerned with the internal resistance of the plate to 
"buckling. The terms involving Tj_ and T3 in equation 
^A-l) are concerned with the longitudinai and the trans- 
verse hending, fegpectively, whereas the term involving 
Ts is cbnc^tiiei principally with the torsional stiffness. 
The coefficients Tx. Ts , and T3 allow for the change 
in the magnitude of the various; terms as the plate is . 
stressed heyond the elastic range. In the, elastic range 
Tj. = Ts = T3 = 1, 

The loaded edges are simply supported and are not 
displaced in the direction w. Of the several forms of 
the general solution of equation (A-l) the following form 
was selected as appropriate for this problem; 

w=KliCosh-^+ Cgsin^x C3COS C4 sin ^Joos {,A-2) 

■ Tr?lt^ • 

Equation (A-2) satisfies the h6Uhdary conditions at the 
loaded edges and gives real values for both a and P 
near the "buckling stress f » fcr* 
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The values of the coefficients C^^, Cg, C^, and 
are to he found from the boundary conditions along the 
side Sdges of the plate. The value of X, the half wave 
length of the huckle pattern, is found from the condition 
that there must "be an integral aumfeer of half wave lengths 
in the length a of the plate; thus 

where m s 1, 2, S, etc. 



In the elastic range, where T, = Tg = = 1» the 
values of a end . ^ are 

a - TT /r Vt + (A-7) 




(A-e.) 

the solution given hy equation (A-2) was selected to 
satisfy the boundary conditions of no 4ff lection and sim- 
ple support (no moment) along the ii!S<a>a6:t edges, fie 
"boundary conditions along the unloaded side edges have 
also to he satisfied,. The boundary conditions along the 
unloaded side edges are: 



(w) Jb = 0 (A-9) 
•y= - g . 

(w)_;b = 0 (A-10) 



D 



where Sj^ and Sg are the respective stiffnesses per 
unit length, of the elastic restraining mediums or the 
moments required to rotate a unit length of the mediujn 
through one-fourth radian. 
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Prom equations (A-9) and (A-IO) are obtained 



O3 = 



- C 



a 

cosh -r 
2 

I 

cos — 

2 



{*.*-13) 



C4 = 



s inh 



a 



sin i 



(A-14) 



From equations (A-ll) and (A-12) are obtained 
(a^ + p2)cosh I + ^^(a sinh | + 3" cosh | tan f^J 



(a3+p2)sinh|+ cosh |- p sinh ~ cot |^ 



0 (A-15) 



(a^ + P®) cosh _+_^ 



a 

sinh — + P cosh 
2 



a ^ P\ 
— tan — ) 
2 2/ 



+ C. 



(a^+p2)sinh|+ (a cosh |- p sinh f cot |) 



= 0 {A-16) 



The "buckled form of equililirium of the plate is ob- 
tained when tiie determinant formed hy the coefficient of 
Ci and Cg : in. epilations (A*-15) and (A-i'6) equals zero. 
Thus •■ v . ■' . ■ , ■ 



(a^+p^) +ei (a. taah|+ p tan 0 |(a^+P^) + £3 (ix coth -P cot 



2/1 



I) 



ia+f ) + es(a tanh|+ p tan|^j (a^+P^®)+ € i(^a coth|-p cot |^ 



= 0 (A-17) 



where 



4Sih 



^3 = 



4S3h 
D 



(A-18) 
(A-19) 
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Equal restraints on the side ed/ges of the -plate . - 
V/hen ^1 = ^2 = e» equation (A-17) redmces to 



a2+ps+ e (a tanh ~+ g tan ^ 



The symmetrical huckled form of eq.uilihr itun is ohtained "by 
setting the first of these factors equal to zero: 



/CO B 
! a tanh -r + P tan 
\ 2 2 



) 



(A-21) 



This equation is the same as equation (14) of reference 

11. The ant isymmetrical huckled form of equilibrium is 

obtained by setting the second factor in equation (A-20) 
equal to zero: 



a 



+ e 



coth T - P cot 1-^ = 0 
2 2 / 



(A-22) 



Of these two buckled forms the symmetrical form given by 
equation (a-21) will occur at the lower critical stress. 
Therefore equation (A-21) was used to establish the exact 
values of k given in table II. 

The condition, of both side edges fixed is described 
by e = 00 , for which, case equation (A-21) becomes 



a tanh — + p tan — = 
2 2 



(A-23) 



It is of interest to compare this equation i^ith the equa- 
tion giveix by Timoshenko in reference 6 (p. 345). In 
Timoshenko's equation the symmetrical and the ant isymmetri- 
cal factors have not been separated aS, they have been in 
this paper. . 



The condition of both side edges simply supported 
(no restraint) is described by € =0. 'for this special 
case, the problem is to find the' smallest, value of k 5^ 0 
that will satisfy equation- (A-21) when e 
ient method for determining this value of 
solve for e : 

€ s - 



s= 0. A conven- 
k is first to 



a p 
a tanh — + fi. tan .— . 

2 2 



(A-24) 
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When k = 0 , it is otsenred that a + p = 0 and hence 
e = 0. All Talues of k greater than zero give a finite, 
positive value for + 3^ as well as for a tanh a/2. 

Consequently, the oalj' values of k- greater than zero 
that can make e = 0 are those values that render P tan P/2 
infinite. The smallest value of p thSit causes P tan P/2 
to he iiifinite is p =17, Therefore the smallest value of 
k that gives p = rr is obtained hy substituting P = it 
in eq^uaticn (.A-4) , or . • 



T3 X 



(A-25) 



from which the value of k for e s= 0 is 



k = T. 



h/X 



/h\2 



= (A-26) 



This equation ; s]iows that k is a function of the 
half wave length A » If the plate' is long, X/h will ad- 
just Itself so as t.o cause, k to have,., its minimum value. 



This value of X/h is- V-^, which gives 

fcmih = 2(-T.g".+ yrTtg ) 



(A-27) 



In the elastics range in which i- ■■- "^s =■ 
equations give X /"b = 1 and - kmin »= 4* 



= , 1,'; these 



and 



Unequal restraints on the side edges of the plate . - 
When the restraint coefficients e j_ 
side edges of the plate are unequal, 
be used to establish the value of k 
cal value of the compressive - stress 



'■z at the two 
equation (A-17) must 

and hence the criti- 
f. This method of 
establishing k is long and cumbersome. A much shorter 
and, more easily applied method is therefore desirable for 
practical app'licat ion» The recommended short method, given 
in ttie main pai-t Of this paper •g'ives good approximate val- 
ues. . . > • 
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Ai>PEi\rpix B 

SOLUiriOK BY INIH&Y' MITHOD f OR EqUAL SIDE HESfEAIiSTS' ' 

Because the exact solution of the diffferfential equa- 
tion given in appendix A does not lend itself to a direct 
calculation of k, as in the case of' the energy method of 
solution, an energy solution was msCde" tO" aid in the con- 
struction of the chart of figure 3. The energy method 
gives approximate values for k, the accuarcy of which 
depends upon how closely the assxuned deflection- surface 
describes the true .Reflection surface. 

The energy method as applied to the calculation of 
critical compressive stresses is given in reference 6 
(p. 337). The plate is stable when (Vj. + V^) > T and 
unstable when (V^ + Vg) < T, where T is the work done 
by the c om.pre s s ive forces on the plate, Vi is'the strain 
energy in the platOj, and is the strain energy in 

two elastic re.s.t'ra"i'ning mediums at "the ed^es of the plate. 
The critical stress is obtained from the condition of 
neutral stabilityi 

T = Vj^ + Vg (B-1) 

If w is the deflection normal to the plate at any 
point x,y in the plane of the plate shown in figure 7 
and- Sq = "SjL = Sg (see appendix A), then T, Vi, and 
Vg are given by the following equations, (See reference 
6, equations (199) and (201) and reference 9, equation 
(73).) 
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In order to evaluate T, , and ?g, it is neces- 
«»ary to assume a deflected surface w consistent with the 
■boundary conditions. These conditions specify that along 
the tijro side edges of the plate ther? he (l) no deflec- 
tion and (s) equal i>estfaiat againat x'otation. fhe side 
edges will therefore be su"b;Jected to equal and opposite 
edge moments. A plate with no restraining poments at its 
edges huckles in the form of a sine curve across the 
plate. .A "beam with equal and opposite end moments deflects 
into a circular arc. Both the sine curve and the circular 
arc satisfy the condition' of zero deflection at the side 
edges of the plate. Consequently, for the deflection 
curve across the width of the plate, a curve given hy the 
sum of a circular arc and a sine curve was selected. In 
the direction of the length, the usual sine curve indicated 
hy the solution of the differential- equation is used. Thus 
the deflection surface assumed for the plate is, in the 
coordinate system of figure 7, 



w = 



r ^ „ , ... . 

COS -rg- 



cos ^ (B-5) 



where A and E are arbitrary deflection amplitudes. 

The combination of A and B in equation (B~5) was 
selected so that A = 0 would represent the condition of 
Simply supported side edges and B = 0, the condition of 
fixed side edges. The ratio A/B is therefore a measure 
of edge restraint and is related to the restraint coeffi- 
cient c through the boundary condition: 

Substitution of iw as givbn by equation {B-5) into equa- 
tion (B-S) gives' ;.. ■ „'- ■ 



where, by definition. 



A = 2^ B (B-7) 
8 



C=1M (3-8) 



Substitution of the value of A as given by expression 
(B-7) into equation (B-5) gives 
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w = B 



TT £ 

. 2 b* 



This new equation for w shows how the shape of the 
deflection surface is affected by the restraint coeffi- 
cient e. This equation is. us.ed in the evaluation of T, 



'1 » 



and 



Thus 



4X 120 



ii 

3 



B 



2 TT^D 



4hX 



120 



• 1 
+ — 
6 



( 



1 + i-Vl + h 



\^ fx / €\ 4e 



(B-11) 



Vg = B 



3 TT^DA e 
2h3 



(B-18) 



It is permissible to substitute these values into 
equation (B-l) .only when the compressive stj-esjB. f has 



its- critical value f 



cr • 



From tliis substitution, 



l?TT®3t^ 



cr 



12(1- jA®)b® 



where 



130 



1 1 
— rr+-- 



V 2AX b/ 12\ 2/ TT^J fiLb 



S 2 
TT £ 

120 



(B-13) 



(B-14) 



Equation (B-14) was used to calculate- the values of 
k listed in the columns designated (a) of table II. With 



17 



these values of k as a guide, a number of correct values 
of k were oTstained by satisfying equation (A-2l) of ap- 
pendi2£ A. In this manner the errors in k as given by 
equation (B-14) were established at isolated. points, from 
this . knowledge of " the • errors i correfetiohs were made to all 
the values of k given in columns (a) of table II. These 
corrected values ©f k» which are recomaeaded, are listed 
in the columns' designated (b) of table H'. tPhe recommended 
values of k were used in the construction of figures 3 
and 6. 
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TABLE I.- COMPARISOU 01 APPEOXIMATS AUD EXACT VALUES OP k FOR 
A PLATE ¥ITH UlIE«iUAL ELASTIC HESTRAIHTS AT THE TJILOADEI) EDGES 
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for e 1 


and k 


for Eg 


True value 


.... ... 

Arithmetic mean 


G-eorietric mean 
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. Error 














equation 




Error 








A/To 


k. 


A/l5 


ks 




^~ 2 


(percent ) 




(percent) 


0 


0 


1.000 


4.00 


1.000 


.00 


4.00 


4.00 


0 


4.00 


0 


0 


5 


1.000 


4.00 


. 805 


5.12 


4.57 


4.56 


-.23 


4. 53 


-.88 


1 


5 


.922 


4. 34 


.805 


5.12 


4.74 


4.73 


-.21 


4.71 


-.63 


2 


5 


.876 


4.60 


.805 


5.12 


4.86 


4.86 


0 


4.85 


-.21 


3 


5 


. 845 


4. 81 


. 805 


5. 12 


4.96 


4.97 


.20 


4.96 


0 


4 


5 


.823 


4.98 


.805 


5.12 


5.05 


5.05 


0 


5.05 


0 


5 


5 


.805 


5.12 


.805 


5.12 


5,12 




5.12 


0 


5.12 


0 


0 


20 


1.000 


4.00 


0.719 


5.06 


5.03 


5.03 


0 


4,92 


-2. 19 


2 


20 


.876 


4.60 


.719 


6.06 


5.31 


5.33 


.38 


5.28 


-.56 


D 




OAK 




. f xy 


C Ac 

b . Ud 


O . Do 


5. 59 


.18 


5.57 


-.18 


10 


20 


.755 


5. 60 


.719 


6.06 


5.83 


5. 83 
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5.83 


0 


20 


20 


.719 


5.06 


.719 


6.06 


6.06 


6.06 


0 


6.06 


0 


0 


00 


1.00 


4.00 


0 .666 


6.98 


5.42 


5.49 


1.29 


5.28 


-2.58 


3 


03 


.845 


4.81 


. 666 


6.98 


6.82 


5.90 


1.38 


5.79 


-.52 


10 


03 


.755 


5. 60 


. 566 


6.98 


6.25 


6. 29 


.64 


5.25 


0 


40 


03 


.696 


6.43 


.666 


6.98 


6. 69 


6.71 


.30 


6.70 


.15 


00 


03 


. 666 


6.98 


.666 


6.98 


6.98 


6.98 


0 


6.98 


0 


0 


03 


0..65 


4.79 


0,65 


6.98 


5.67 


5. 89 


3.88 


5.78 


1.94 


0 


CO 


1.00 


4.00 


1,00 


8.59 


5.74 


6.29 


9.58 


5.86 


2.09 


0 


8 


1.50 


4.69 


1.50 


8.90 


6.51 


8.79 


4.30 


6.46 


-.77 



TAnS II. - VALTJES OF k IH THE BTJCKLIH" PORMOLA FOR A LOHGITUDIHAXLY . COVPRESSEB HKCTAHGTTIAR PIATB WITH EQUAL ELASTIC RESTRAIIfTS 

ON TWO OPPOSITE SIDE EDfJES 
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Figs. 1,2 
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Figure 1.- Variation of fcr with fcr/T] for 24S-T aluminum alloy 

of minimum required properties. (When fQj./'n < 19,600 
Ib/sq in., r\ - \ and 1^-^ - fcr^-) 
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Figure 2,- Variation of fcr with fcr/'H for 24S-T aluminum alloy 
of average properties., (When fci./T) < 16,700 Ib/sq in,, 
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Figure 3.- General design chart giving values of k for equal restraint 
coefficients, e, on each side edge of the plate. 
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Figure 4.- Variation of ri , s r, , and r\ with the compressive 

stress, f , for 24S-T aluminum alloy of minimum 
required properties. 
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Figure 5.- Variation of , Tj , r, , and r\ with the compressive 
stress, f, for 24S-T aluminum alloy of average 

properties^ 
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Figure 6.- Special design chart giving values of k for equal restraint coefficients, 

6, on each side edge of the plate when the restraint is independent of 
the half wave length, X . f qj. _ ktr^Et' 

~rr 12(l-t*.')b' 
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Figare 7.- Eectangalar plate under edge conipression. 



